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ANTIGEN DELIVERY 

Field of the invention 

The invention relates to a novel antigen delivery composition and in 
particular to the use of protein-L of peptostreptococci, an analogue thereof or a 
5 fragment of either thereof, to deliver an antigen in an individual and/or to enhance 
the immune response to the antigen in the individual. 



Background to the invention 

Protein-L is an immunoglobulin light chain bonding protein expressed on the 

10 surface of approximately 10 % of peptostreptococcal strains. Protein-L is a multi- 
domain protein and has repeat domains showing a substantial degree of homology 
with each other. Some of these repeat domains are capable of binding to the light 
chain of immunoglobulin. Protein-L has been isolated from various strains of 
peptostreptococci and has been cloned and studied in detail from two of these strains. 

15 Kastem et al 7 J. Biol. Chem., 1992, 267, 18, 12820-12825 describe the cloning and 
expression of protein-L from peptostreptococcal strain 312. Murphy et al, Molecular 
Microbiology, 1994, 12(6), 91 1-920 describe the cloning and expression of protein-L 
from peptostreptococcal strain 3316. 

Strain 312 protein-L has 5 immunoglobulin binding domains Bl, B2, B3, B4 

20 and B5. Strain 3316 protein-L has 4 immunoglobulin binding domains CI, C2, C3 
and C4. Each of these domains has the capacity to bind the light domains and in 
particular the K-light chains of human immunoglobulins. Protein-L binds all classes 
namely IgG, IgA, IgD, IgE, IgM. Protein-L also binds to rabbit, porcine, mouse and 
rat immunoglobulin. Protein-L has the capacity to bind Fab and scFv fragments by 

25 virtue of its interaction with the variable region of kappa light chains of 
immunoglobulin. 

Protein-L is described in EP-A-255497. In view of its capacity to bind 
immunoglobulins, it has been suggested as a possible therapeutic for the treatment of 
autoimmune disease. 

30 

Summary of the invention 
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It is now been found that protein-L localises to the spleen in vivo. Protein-L 
or a fragment thereof stimulates proliferation of splenocytes in vitro and induces the 
expression of imunostimulatory proteins. The present invention provides a vaccine 
composition using protein-L or a fragment thereof as an antigen delivery vehicle. 
Protein L or a fragment thereof may also be used as an adjuvant. 

In a first aspect, the invention provides the use of protein-L or an analogue 
thereof or a fragment of either thereof in the manufacture of a composition for 
administration to an individual, the polypeptide present as a carrier to deliver an 
antigen to the individual. This invention also provides a method of enhancing an 
immune response to an antigen comprising administering a vaccine composition 
comprising the antigen to an individual and administering protein-L or an analogue 
thereof or a fragment of either thereof to the individual. The invention also relates to 
vaccine composition comprising protein-L or an analogue thereof or a fragment of 
either thereof and an antigen in a pharmaceutically acceptable carrier. In particular, 
the invention provides a fusion protein comprising protein-L or an analogue thereof 
or a fragment of either thereof and at least one heterologous antigen. 



Tn the figures 

Figure 1 : shows the effect of various immunoglobulin binding proteins on 
20 splenocyte proliferation in the presence or absence of polymyxin B (PMB). 

Figure 2: is a titration of the quantity of protein-L required to cause 
splenocyte proliferation in the presence or absence of PMB. 

Figure 3: shows a titration of the ability of PMB to inhibit LPS- induced 

splenocyte proliferation. 

25 Figure 4: the effect of 48 hours of co-culture of splenocytes from C57BL/6 

mice with protein-L B1-B4, Bl-Bl, Bl in the presence of lO^g/ml PMB. 
Histograms show the fluorescence intensity of the indicated surface molecule on 
gated B22CT cells. Prior to adding biotinylated antibody against the indicated surface 
molecule, Fc receptors were blocked using mAb 2.4 G2. Cells were also incubated 

30 with B1-B4, then incubated with 2.4 G2 and streptavidin-PE, i.e. no primary 

antibody against a surface molecule was included. Lines in the panel labelled control 
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were incubated with the protein-L fragment, anti-Fc receptor mAb 2.4 G2 was added 
followed by streptavidin-PE. 

Figure 5 : shows constructs of protein L and OVA (257-285). 



5 Detailed description of the invention 

The invention relates to the use of protein L, an analogue thereof or a 
fragment of either thereof as a carrier for a heterologous antigen for delivery to an 
individual. The protein L component assists in delivery of the heterologous antigen 
to the immune system of the individual to generate an immune response in the 

1 0 individual to the antigen. The invention also relates to the use of protein L or an 
analogue thereof or a fragment of either thereof to enhance the immune response in 
an individual to an antigen, for example as an adjuvant. Preferably, in respect of all 
aspects of the invention, the protein L or an analogue thereof or a fragment of either 
thereof targets delivery of the antigen to the splenocytes and may comprise at least 

1 5 one of the immunoglobulin binding domains of protein L. In those embodiments 
where protein L is being used as a carrier for a heterologous antigen, it is preferred 
that a single immunoglobulin binding domain be provided for delivery of the antigen 
to the individual. In those aspects of the invention where protein L or an analogue 
thereof or a fragment of either thereof is being used to enhance the immune response 

20 in an individual to an antigen, for example, as an adjuvant composition, one or more 
of the immunoglobulin binding domains of protein L may be used. 

The invention may also comprise a peptide analogue or a peptide which is 
present in an analogue of protein L or a fragment thereof and typically comprises the 
same sequence as protein L or a fragment thereof, or a sequence which is 

25 homologous to part or all of protein L. Preferably, an analogue will have the same 
sequence or will be homologous to an immunoglobulin binding domain of protein L. 
References herein to protein L for use as a carrier or an adjuvant include the use of a 
fragment thereof or an analogue thereof 

Protein L or an analogue thereof or a fragment of either thereof for use in 

30 accordance with the invention is hereinafter referred to as a protein L polypeptide. 
References to a protein L polypeptide are not to be taken as restrictive in limiting the 
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invention to full length protein L but are used to describe the analogue or fragments 

thereof as described above. 

A protein L polypeptide is provided for use as a carrier for a heterologous 
antigen. The protein L polypeptide is linked or coupled by any suitable means to the 

5 antigen to assist in delivery of the antigen to the individual to generate a suitable 
immune response. A protein L polypeptide for use in accordance with the invention 
can readily be identified by monitoring the immune response which is generated to 
an antigen which has been delivered using the protein L polypeptide as a carrier and 
the antigen which has been delivered without using a carrier. A protein L 

1 0 polypeptide for use as a carrier will assist in the delivery of the antigen or may alter 
' the immune response which is generated to the antigen when compared to that which 
is aenerated by administration of the antigen alone without the protein L polypeptide 
carrier. An alteration in the immune response using a protein L polypeptide as a 
carrier in accordance with the invention may be an improvement in the immune 

1 5 response such as a larger response due to higher antibody titre, an increase in the 

duration of the immune response, a quicker reaction to the antigen or a change in the 
immune response which is generated, for example, a change in the type of antibody 
response or T cell response which is generated to a specific antigen. 

Protein L or an analogue thereof or a fragment of either thereof may be 

20 provided for use as an adjuvant. In particular, the protein L polypeptide stimulates a 
larger, faster or longer lasting immune response against an antigen compared to the 
response which is seen in the absence of the adjuvant of the invention. An analogue 
or fragment of protein L in accordance with the invention can readily be identified by 
monitoring the immune response to an antigen in the presence and absence of the 

25 polypeptide. An improvement in the immune response in the presence of the 

polypeptide demonstrates the utility of the polypeptide as an adjuvant in accordance 
with the invention. The improvement in the immune response may be a larger 
immune response such as a higher antibody titer, an increase in the duration of the 
immune response i.e. a raised antibody titer over a longer period of time or may 

30 comprise a quicker reaction to the antigen such that an immune response is seen at a 
shorter time post administration of the antigen or may result in altered isotype profile 
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compared to the administration of antigen alone. 

As described above protein L is expressed by about 10% of 
peptostreptococcal strains and may be isolated from such bacteria. Preferably the 
protein L or an analogue thereof or fragment of either thereof for use in accordance 
with the invention comprises at least one of the immunoglobulin binding domains of 
protein L. Examples of these domains are B 1, B2, B3, B4 and B5 from 
peptostreptococcal strain 312, described in detail in Kastern et al, J. Biol. Chem. 
1992, 267, 18, 12820-12825, or CI, C2, C3 or C4 from peptostreptococcal strain 
33 16, described in detail in Murphy et al, Molecular Microbiology 1994, 12(6), 911- 
920. 

Other strains of peptostreptococci may also express protein L. Such protein L 
variants can be isolated following the cloning methods described in Kastern et al and 
Murphy et al (supra), if necessary using nucleotides sequences disclosed therein as 
probes. Fragments of such protein L polypeptides or discrete domains thereof which 
bind to immunoglobulin light chains can then readily be identified. Single domains 
may be used in accordance with the invention, in particular as a carrier for an 
antigen. Alternatively, mixtures of or multiples of such immunoglobulin binding 
domains may be provided for use in accordance with the invention. Alternatively, an 
analogue or fragment of protein L for use in accordance with the invention may be 
identified by monitoring the ability to target delivery of an antigen to splenocytes. 

A homologous sequence comprising an analogue of protein L is typically at 
least 50% and preferably at least 60 or 70 percent and more preferably 80, 90 or at 
least 95, 97 or 99 percent homologous to protein L, for example over a region of at 
least 20, preferably at least 30, for instance at least 40, 60 or a 100 or more 
contiguous amino acids. In preferred embodiments, the analogue is an analogue of 
one or more of the immunoglobulin binding domains of protein L, such as B 1-B5 
and C1-C4 identified above. Methods of measuring protein homology are well 
known in the an and it would be understood by those of skill in the art that in the 
present context homology is calculated on the basis of amino acid identity 
(sometimes referred to as hard homology). For example, the UWGCG package 
provides the BESTFIT programme which can be used to calculate homology 
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(Devereux et al et el (1984) Nucleic Acid Research 1287-395). The programme mav 

t 

be used on its default settings to identify proteins of the invention. 

An analogue in accordance with the invention typically differs from the 
original sequence by substitution, insertion or deletion. Generally, from 1, 2, 3 or 4, 
5 or more substitutions, deletions or insertions are made, for example over a region of 
at least 10, preferably at least 20, for instance at least 30, 40, 60 or 100 contiguous 
amino acids in the analogue. Thus, the homologous sequence may differ from the 
original sequence by at least 2, 5, 10, 20, 30 or more substitutions, deletions or 
insertions. The substitutions are preferably conservative. These are defined 
10 according to the following table. Amino acids in the same block in the second 
column and preferably in the same line in the third column maybe substituted for 
each other. 



ALIPHATIC 


Non-polar 


GAP 






IL V 




Polar - uncharged 


C STM 






NQ 




Polar - charged 


DE 






KR 


AROMATIC 




HF W Y 



The peptide comprising a fragment of protein L or a fragment of the • 
homologous sequence typically has a length of at least 10, 20, 30, 50 or 100 amino 
acids in length. Preferably the fragment may have the ability to bind or stimulate 
20 proliferation of splenocytes. 

Additions may be made to the polypeptides of the invention. An extension 
may be provided at the N-terminus or C-terminus or both of protein-L or fragment or 
analogue thereof of the invention. The, or each extension may, for example, be from 
1 to 10 amino acids in length. Alternatively, the extension may be longer. 
25 The peptides of the invention are for use as carriers or adjuvants for 
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-Pta v™, P o„o t™ type 2 or 3, foo, and ra outi, disease v TOS , .nflujvuus 
coxsacfae vutts or Chlamydia trachomatis. 

'"^^^^•"-"vention.proreinLorafragnren.oranalogue 
" mereof, sIl nxedorcou pI ed to an antigen. For exam p le it is provided as a fusion 
pro,e.„ orconjuga* .ogerher witi, tire antigen. Where rhe antigenic comment is 
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.hereof and tiae antigen can be P re P ared b y techniques we.1 known in ti,e art. The 

juence. 

sequences such that a linker resion is present in th. , , " ^ C ° ding 

... ~ preSent m the expressed fusion protein. 



r-~r*"<-« icmniques well known in l 
ft— protein can tiaus be expressed recontbinantiy fron, such a DNA sequence 
Optional a ,u*er nucieic acid sequence n,ay be pro v.ded between ti.e 



0 



Alternative,, the co ding sequences of protein-L or a fragment or analog thereof 
may be joined directly together hi frame. " 

The fusion protein of the invention i e orotein I „ n i 
m „ u protein L polypeptide and the ami pen 

may be pres en, in e,ti,er or.en.tion, i.e. prot ei„ L or frag^en. or analogue *ZT 
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may be C-terminal or N-terminal to the antigen. Where two or more antigens are 

provided the protein L component maybe either C-terminal or N-terminal to either or 

both of the antigens and thus maybe located between the two antigens. A linker 

peptide maybe present between the components. Typically, the linker will be 
5 flexible, allowing movement of the protein L with respect to the antigen. Preferably 

the linker will not inhibit the correct expression or folding of the components. 

Preferably, the linker will not be toxic or immunogenic. 

Typically, the peptide linker comprises amino acids that do not have bulky 

side groups and therefore do not obstruct the folding of the protein component. 
1 0 Further, it is preferred to use uncharged amino acids in the linker. Preferred amino 

acids for use in linkers include glycine, serine, alanine and threonine. 

The peptide linker maybe of any suitable length which allows correct folding 

of the two components. The linker may be from 1 to 4 amino acids in length. 

Alternatively, the linker maybe from 5 to 50 amino acids in length, for example 10 to 
15 30 amino acids or 15 to 20 amino acids in length. 

Preferably, the linker consists essentially of one or more glycine residues and 

one or more serine residues. Such a linker is termed herein a glycine-serine linker. 

The linker may contain from 1 to 50, typically 5 to 30 or 10 to 20 glycine residues. 

The linker may contain from 1 to 50, typically 5 to 30 or from 10 to 20 serine 
20 residues. As highlighted above, one or more antigenic sequences may be associated 

with protein L. 

Fusion proteins of the invention may be in substantially isolated form. It will 
be understood that the fusion proteins may be mixed with carriers of diluents which 
will not interfere with the intended purpose of the fusion protein and still be regarded 

25 as substantially isolated. A fusion protein of the invention may also be in a 

substantially purified form, in which case it will generally comprise protein in the 
preparation in which more than 90%, e.g. 95%, 98% or 99% by weight of the protein 
in the preparation is a fusion protein of the invention. 

Fusion proteins of the invention may be modified, for example by the 

30 addition of histidine residues to assist their identification or purification or by the 
addition of a signal sequence to promote their secretion from a cell where the fusion 
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protein does not naturally contain such a sequence. 

The invention also provides nucleic add sequences, i.e. DNA and RNA 
sequences, encoding the fusion protem of the invention. Polynucleotides of the 
mvenuon may also be polynucleotides wh lc h include within them synthetic or 
mottled nucleotides. A number of different types of modification to 
polynucleotides are known in the art. These include methyl phosphate and 
Phosphoroth.oate backbones, addition of acndme or polyene chains at the , and/or 
5 ends of the molecule. For the purposes of the present invention, it is to be 
understood that the polynucleotides described herein may be modtfed by any 
method available in the art. The invention also prov.des vectors comprising 'these 
nuc e acid sequences; cells comammg such vector, or nucleic acid sequels; and 
- hods of producmg fusion proteins of the invention, compnsing expression of the 
nude, acd sequence encoding the fusion protem in a cell, and recovering the fusion 
protem thus obtained. w 

5 A person of skill in ,he an wiH be able ,o generate nucleic acid sequences 

encod.ng fusion prorems by techniques we,, known in the an, and wi„ also be ab,e to 
generate vecors comprising toose sequences „ d „ ^ 

such vecors in order to achieve expression of the fusion protein 

In one embodiment, the polynucleot.de of the invention in a vector is 
operably linked t0 a COMr0 , sequence which ^ ^ ^ ^ 

expression of the coding sequence by the host cell. 

The term -operably linked" refers to a juxraposnion wherein the components 
■descr.be are m a reiarionahip perm.tring them to pancnon in ,he,r 
A ontrol sequence „ operab|y , jnked . ^ a ^ ^ h 

*at express™ of the coding sequence „ achieved under conditions compatible wL 
the control sequences. 

Such vecors may be transformed into a suirable host ceil as described above 
■» Prov,de or expression of a rirsion protein of the mvenrion. The vecors mav be for 
xampie plasmid, vinrs orphage vecors provided wirh an origtn of replicat.on 

regularor of.be promoter. The vecors may contam one or more S e,ecab,e mark r 
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genes, for example an ampicillin resistance gene in the case of a bacterial plasmid or 
a neomycin resistance gene for a mammalian vector. Vectors may be used in vitro, 
for example for the production of RNA or used to transfect or transform a host cell. 
The vector may also be adapted to be used in vivo, for example in a method of gene 
5 therapy. 

A further embodiment of the invention provides host cells transformed or 
transfected with the vectors for the replication and expression of polynucleotides of 
the invention. The cells will be chosen to be compatible with the said vector and 
mav for example be bacterial, yeast, insect or mammalian. 
1 o Promoters and other expression regulation signals may be selected to be 

compatible with the host cell for which the expression vector is designed. For 

4 

t:\ampie yeast promoters include S. cerevisiae GALA and ADH promoters, S. pombe 
nmt 1 and adh promoters. Mammalian promoters include the metallothionein 
promoter which can be induced in response to heavy metals such as cadmium. For 

1 5 use in insect cells, strong bacuiovirus promoters such as the polyhedron promoter are 
preferred For expression in mammalian cells, strong viral promoters such as the 
SV40 larue T antigen promoter, a CMV promoter or an adenovirus promoter may 
also be used. All these promoters are readily available in the art. 

Suitable cells include cells in which the abovementioned vectors may be 

20 expressed These include microbial cells such as bacteria (e.g. E. coiij, mammalian 
cells such as CHO cells, COS7 cells, P388 cells, HepG2 cells, KB cells, EL4 cells or 
HeLa cells, insect cells or yeast such as Saccharomyces. Bacuiovirus or vaccinia 
expression systems may be used. 
Vaccine formulation 

25 Typically, the vaccines are prepared as injectables, either as liquid solutions 

or suspensions; solid forms suitable for solution in, or suspension in, liquid prior to 
injection may also be prepared. The preparation may also be emulsified, or the 
protein encapsulated in liposomes. The adjuvant or active immunogenic ingredient 
may be mixed with an excipient which is pharmaceutically acceptable and 

30 compatible with the active ingredient. Suitable excipients are, for example, water, 
saline, dextrose, glycerol, ethanol, or the like and combinations thereof In addition, 
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if desired, the vaccine or adjuvant may contain minor amounts of auxiliary 
substances such as wettmg or emulsifying agents, pH buffering agents and/or 
adjuvants which enhance the effectiveness of the vaccine. An adjuvant or addition 
adjuvant may be provided in addition to the protein-L component. 
5 Examples of adjuvants which may be effective include but are nor limited to- 

aluminium hydroxide, N-acetyl-muramyl-L-threonyl-D-isoglutamin (thr-MDP) 
-acetyl-nor-muramyl-L-alanyl-D-isoglutamine (CGP 1 1637, referred to as nor ' 
MDP), N-acetylmuramyl-L^^ 

glycero-3-hydroxyphos P horyloxy)-ethylamine (CGP 19835A, referred to as MTP 
1 0 PE), and RIBI, which contams three components extracted from bacteria 
monophosphoryi lipid A, trehalose dimycolate and cell wall skeleton 
(MPL+TDM+CWS) in a 2% squalene/Tween 80 emulsion. 

The adjuvants or vaccines are conventionally administered parenterally by 
mjection, for example, subcutaneously intravenously, transdermal^ or 
1 5 intramuscularly. Additional formulations which are suitable for other modes of 
admmistration include suppositories and, in some cases, oral formulations For 
suppositories, traditional binders and earners may include, for example, polyalkylene 
glycols or triglycerides; such suppositories may be formed from mixtures contain^ 
the active ingredient in the range of 0.5% to 10%, preferably ,% to 2% Oral " 
20 formulations include such normally employed excipients as, for example 

Pharmaceutical grades of mannitol, lactose, starch, magnesium stearate. sodium 
saccanne, cellulose, magnesium carbonate, and the like. These compositions take the 
form of solutions, suspensions, tablets, pills, capsules, sustained release formulations 
or powders and contain 1 0% to 95% of active ingredient, preferably 25 % to 70% 
15 Where the vaccine composition is lyophilised, the lyophilised material may be 
reconstituted prior to administration, e.g. as a suspension. Reconstitute is 
preferably effected in buffer. 

Capsuiea, .ablets and pills for oral administration to a patient mav be 
provtded with an enteric coating comprising, for example. Eodragi, "S» Eudra-i, 
V. celhdose acetate, cehulose acetate phthalate or hvd^ypropytateUtv, ceUuiose 

The polypeptides of the invention may be formulated into the vaccine as 
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neutral or salt forms. Pharmaceutical^ acceptable salts include the acid addition 
salts (formed with free amino groups of the peptide) and which are formed with 
inorganic acids such as, for example, hydrochloric or phosphoric acids, or such 
organic acids such as acetic, oxalic, tartaric and maleic. Salts formed with the free 
5 carboxyl groups may also be derived from inorganic bases such as, for example, 
sodium, potassium, ammonium, calcium, or ferric hydroxides, and such organic 
bases as isopropylamine, trimethylamine, 2-ethylamino ethanol, histidine and 
procaine. 

Polynucleotides of the invention can be administered directly as a naked 
1 0 nucleic acid construct to achieve expression of a fusion protein of the invention. 
Polvnucleotides of the invention may also be coadministered with polynucleotides 
encoding for other proteins such as cytokines, to modify the immune response 
generated. Alternatively, polynucleotides encoding protein-L or an analogue or 
fragment thereof can be administered directly as an adjuvant formulation. Uptake of 
1 5 naked nucleic acid construct by mammalian cells is enhanced by several known 
transfection techniques, for example those including the use of trans fection agents. 
Examples of these agents include cationic agents, for example, calcium phosphate 
and DEAE- dextran and lipofectants, for example, lipofectam and transfectam. 
Typically, nucleic acid constructs are mixed with a transfection agent to produce a 
20 composition. 

Alternatively, a polynucleotide may be delivered to the cells by a viral vector. 
Alternatively, the vaccine composition or the adjuvant may be administered 
as an attenuated strain of a pathogen typically attenuated bacterium. Typically, a 
DNA sequence encoding protein L or an analogue or fragment thereof or a fusion 

25 protein of the invention will be cloned into a vector such as a plasmid to transform an 
attenuated bacterium such that the protein L or fusion protein thereof is expressed in 
the attenuated bacterium. Alternatively a DNA sequence encoding protein L or an 
analogue or fragment thereof or a fusion protein of the invention could be expressed 
on the chromosome of the attenuated bacteria. 

30 The vaccines are administered in a manner compatible with the dosage 

formulation and in such amount as will be prophylactically effective. The quantity to 
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be administered, which is generally in the range of 100 Mg to lOOmg, preferably 
200^g to 1 Omg of antigen per dose, depends on the subject to be treated, capacity of 
the subject's immune system to synthesize antibody and the degree of protection 
des.red. Precise amounts of active ingred ien t requtred to be administered mav 

5 depend on the judgement of the practitioner and may be peculiar to each subject. 

The vaccine may be given in a singe dose schedule, or in a multiple dose 
schedule. A multiple dose schedule is one in winch a primary course of vaccination 
mav be with 1-10 separate doses, followed by other doses gl ven at subsequent time 
mter. a |> required to maintain and or reinforce the immune response, for example at 1 
10 ,o 4 months for a second dose, and if needed, a subsequent dose(s) after several 

month, or years. The dosage regtmen will also, at least in pan. be determined bv the 
need ,.f the mdmdual and be dependent upon the judgement of the practitioner. 
The following Examples illustrate the invention. 

15 Example 1 

Experiments were performed to monitor the localisation of protein-L B 1 -B4 
in vn o. | M g of -I-Protein L B1-B4 was injected i.v. into the tail vein of C57BL/6 
mice Fifteen mtnutes. 1 hr, 6 hr and 24 hr post tmmuntzation, mice were frozen and 
embedded in cellulose. Whole sections of mice were subsequently prepared 
20 autoradiography was performed and the level of radioactivity in various organs was 
quanmated. For each time point a parallel mouse was immunised in an identical 
fashion for blood sample analysis. 

At 15 min post immunization, radioactivtty was found around the white pulp 
of the spleen. The level of isotope within the red pulp was low. Analysis of 
25 autoradiography sections of animals at 1 hr post tmmuntzation looked similar to 
those at 15 min post immunization. At 24 hrs post immunization, isotope was 
primarily found within the white pulp of the spleen. This appeared to be retentton of 
the label rather than accumulation. The CPM in the white pulp was constant between 

6 to 24 hours. In other tissues, such as lung, liver, thymus, splenic red pulp bone 
30 marrow and blood, a decrease in the CPM is noted between 6 and 24 hours Lymph 

node and spleen white pulp have h.gh ratios of radioactivity (CPM/ ma tissue) and 
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isotope was excreted in the urine. No isotope was apparent in the liver and kidney. 

Protein-L B1-B4 traffics to the splenic white pulp after i.v. administration to 
mice and does not accumulate in the blood, liver, lungs, kidney, thymus or bone 
marrow. 



Example 2 

Preparations of Protein-L Bl-B 4, Bl-Bl or Bl were incubated with 
splenocytes from mice for 72 hours and pulse ceils with 3 H-thymidine to determine 
proliferation of splenocytes. The 3 H-thymidine incorporation assays were performed 

10 in the presence or absence of 10 ^ig/ml polymyxin B (PMB) which binds to and 

inactivates LPS. This allows the level of potential LPS contamination and its effect 
on 3 H-thymidine incorporation to be assessed. 

Protein L B1-B4 causes proliferation of murine splenocytes within 72 hrs of 
culture (Figures 1 and 2). This proliferation was not due to LPS contamination as 

1 5 assessed by the lack of effect on 3 H-thymidine incorporation in the presence or 
absence of PMB. Protein L Bl-B lor B 1 results in low levels of splenocytes 
proliferation (Figure 1). The proliferation observed for the B 1 protein is most likely 
not due to LPS contamination (no effect of PMB), whereas the proliferation resulting 
from incubation with Bl-Bl may be due, at least partially, to LPS (Figure 1). Figure 

20 3 shows a titration of the ability of 10 ng/ml PMB to inhibit LPS-induced 

splenocytes proliferation to demonstrate that a concentration of PMB was used that is 
capable of inhibiting splenocytes proliferation when <;25^ig of purified LPS is added 
to the culture. 

Limulus assays to directly assess LPS contamination in the preparations of 
25 Protein L B1-B4, Bl-Bl and B 1 has shown that the preparation of B 1-B4 used in the 
experiments here was free from LPS while the B 1-B 1 and B 1 preparations had 

detectable levels of LPS. 

Protein-L B1-B4 results in significant proliferation of murine splenocytes 
whereas Protein-L B 1 has a small but reproducible proliferative effect 



30 
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Preparations of Protein L B1-B4, Bl-Bl orBl were incubated with 
splenocytes from mice for 24, 48 or 72 hours in the presence or absence of 10 us/ml 
PMB. The level of surface expression of the costimulatory molecules B7-1 B7-2 
and CD40 as well as MHC-I and MHC-II expression on B cells (gated B220^ 
5 population) was analysed by fluorescence-activated cell sorting (FACS). 

Figure 4 shows data from a representative FACS experiment after 48 hrs of 
culture. The data shown in Figure 4 are from an experiment performed by co- 
mcubating splenocytes with protein L fragments in the presence of 10 ug/ml PMB 
Consent with the proliferation data presented in Figures 1-3, no effect of PMB on 
1 U FACS data was observed for P rotein-L B 1-B4. However, slight alterations in the 
rustograms was observed for co-incubations with B 1 and B 1 -B 1 in the presence vs 
absence of 1 0 ug/ml PMB (data not shown). 

The most apparent result from these studies is that protein L B 1 -B4 (5 U o) as 
well as B1-BI(10 ug) and Bl (10 ug) caused up regulation of B7-2 expression In 
I d gated B220^ cells, with the most dramatic effect occurring with B1-B4 B1-B4 also 
upregulated CD40 and MHC-I expression but had no apparent effect on MHC-II A 
shght influence of Bl-Bl andBl on surface expression of CD40 and MHC-I was 
detectable. The influence of all three protein L fragments on B7-1 expression was 
small and similar for each of the proteins analysed. 
0 For all protein-L fragments, the effect on surface molecule expression was 

only shght at 24 hour, of co-incubation. The FACS data for 48 hours of incubation 
was selected to represent the effect of protein L fragments on surface molecule 
expression of gated B220* splenocytes. 

Co-incubation of protein-L B1-B4 with splenocytes results in increased 
surface expression of B7-2, CD40 and MHC-I on gated B220' cells; a shght 
alteration in B7-1 expression was evident. Co-incubation of splenocvtes with Bl-Bl 
or B 1 resulted in increased surface expression of B7-2, but to a lesser de S ree than 
that observed with B1-B4. Bl-Bl and B 1 a slight influence on surface expression of 
B7-1, CD40, MHC-I and MHC-II expression. 

Example 4 
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Three groups of mice were immunized with either 1) PBS;2) 50 fie OVA in 
PBS; or 3) 50 ova mixed with 50 fig protein L B1-B4 in PBS. All mice were 
immunized on day 0 and boosted 5 weeks later. Immunizations were SC at the base 
of the tail. Blood samples were taken before immunization and at weeks 2, 4 and 7 
during the experiment. Serum from individual mice was tested for anti-OVA IgM, 
IgGl and IgG2a antibodies by ELISA. 

Data from an in vivo experiment examining the magnitude and isotype of the 

anti-OVA response are shown in table 1. Table 1 summarizes the titer of anti-OVA 

< 

IgGl for individual mice from this experiment. The titer is defined as the reciprocal 
of the dilution of sera that gave an OD reading in the ELISA 2.5 times above the 
background OD for PBS immunized mice. No detectable IgM or IgG2a antibodies 
recognizing OVA at a titer above PBS immunized was detected for any animals. 



Table 1. Ami OVA IgGl titers of sera mice immunized as described above. 



Week post immunization 


2 


4 


7 


Mouse 7.1, OVA 


0 


100 


>3200 


Mouse 7.2, OVA 


0 


1600 


>3200 


Mouse 7.3, OVA 


0 


0 


400 


Mouse 8.1, OVA +protein-L 


200 


0 


Sacrificed 
for Elispot 


Mouse 8.2, OVA + protein-L 


200 


400 


»>3200 


Mouse 8.3, OVA + protein-L 


200 


1600 


1600 



Example 5 

Preparation of constructs of protein L B 1-B4 and B 1 with a model antigen 
containing MHC-I and MHC-II-binding epitopes fused to the carboxy terminus of 
protein-L. The following constructs of protein-L have been made: OVA(257-285), 
which includes the MHC-I-bmding (257-264) and the MHC-II-binding (265-280) 
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epuopes from ovalbumin, have been fused to the carboxy terminus of prot ein-L Bl 
B4.B1-B1 and Bl as illustrated in Figure 5. These fusion proteins are used ,n 
anugen processing experiments in v irro with nonspecific splenic B cells as antigen 
presenting cells. The level of antigen presentation can be compared with that 
> obtamed using B cells with surface Ig specific for OVA, which is a very efficient 
antigen presentation system. 

These constructs have been confirmed at the DNA level and protem 
expression has been confirmed by Western blot using antisera against P rotein-L and 
OVA. The fusion protems are in the process of being purified from E. coli for use in 
1 0 ,n m antigen processmg experiments and in v/vo experiments where the protem L 
B1-B4-OVA B1-B1-OVA and BLOVA fusion protems are used as immunogens in 
m IC e either with or without adjuvant. The nnmune response is analvsed with respect 
to t.ter and isotype of anti-0 VA antibodies produced, O VA-specific T cell 
proliferation and cytokine profile of O VA-specific T cells. This is of particular 
15 .merest in cases when the proteins are administered in PBS without and with 
adjuvant. The purified protems will be tested for LPS contamination using the 
Lunulas assay. If LPS is detected it will be removed using PMB columns 

In ^ e ^thatmeaffmuyof P rotein-Lforhumanimmunog,obulmis W 
than desired and gives suboptimai results upon mteraction with human 

20 ,mmunog,obu,in due to too high affinity, affinity attenuated forms of protein-L can 
be engmeered to specifically lower the affinity for immunodobulin 

In the event that higher degree of cross-linking of antigen specific 
unmunogiobulin on the surface of B cells is desired, an antigenic construct can be 
engmeered to contam 2 antigenic moieties of the antigen coup,ed to a protem L 
component such as a single domain of protem-L (Bl) or multiple domain 
components such as B1-B4 (i.e. a fusion protein containing antigen domain-protein L 
B -antigen domain or antigen domain - protem L B1-B4 - antieen domain) 

To increase the number of B cells targeted, antigenic fusions to protem LA 
can b de and used. Protein LA contains 4 of the IgGFc- and Fab-bindin a regions 
,0 of staphy,ococcal protein L fused to the carboxyl tenninus of 4 of the Ig. hJht-chain 
binding domains of protein-L. 
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CLAIMS 



1 A vaccine composition comprising protein L or an analogue thereof or 
a fragment of either thereof coupled to a heterologous antigen and a pharmaceutical^ 
acceptable carrier. 

2. . A vaccine composition according to claim 1 comprising a fusion 
1 0 protein of protein L or an analogue thereof or a fragment of either thereof and a 

heterologous antigen. 

3. A vaccine composition according to claim 1 or claim 2 comprising at 

least one immunoglobulin binding domain of protein L. 

4. A vaccine composition according to any one of claims 1, 2 or 3 
1 5 comprising a single immunoglobulin binding domain of protein L. 

5. Use of a polypeptide comprising protein L or an analogue thereof or a 
fragment of either thereof in the manufacture of a composition for administration to 
an individual, the polypeptide present as an adjuvant to enhance the immune 
response in the individual to an antigen. 

20 6. Use according to claim 5 wherein the polypeptide comprises at least 

one of the immunoglobulin binding domains of protein L. 

7. Use according to claim 5 or 6 wherein the fragment comprises each of 
the immunoglobulin binding domain of protein L. 

8. Use of a polypeptide according to any one of claims 5 to 7 wherein 
25 the polypeptide is formulated together with an antigen for co-administration to an 

individual. 

9. Use of a polypeptide according to claim 8 wherein the vaccine 
composition comprises a fusion protein of protein L or an analogue thereof or a 
fragment of either thereof and an antigen. 

30 10. A method of enhancing an immune response to an antigen in an 

individual comprising administering a vaccine composition comprising the antigen to 
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**** Md «—» « -aiogue .hereof or . fragmem of 
either thereof to the individual. «Sment of 

.hereof « . , " aCC ° rdi ° g " **" ' ° ^ L ' "» 

thereoforn fragment of either thereof is co-ad n ini st e re d „ ith me atigm " 

A vaccine composition comprising an antigen and protein L or an 
. thereof or a fragmem of eimer .hereof in an amoum suffi lent 1 eZe 

t reSPmSe 10 *■ ^ " — - - individual and a 

pharmaceutically acceptable carrier. 

13. Use of protein L or an analoeue therpnf nr * r 
10 in the manufacture of a w ■ thereofora fragment of either thereof 

protein L o C ° mP ° Siti0n » - individual the 

protein L or an analogue thereof or a fragment of e.ther thereof bemg used as a 
earner for a heterologous antigen. 

W- Use of a polypeptide according to claim 13 comprising an 
immunoglobulin binding domain of protein L. 
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